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Abstract―This paper will demonstrate combination of 
optimum response for Tensile strength and Time curing which 
are obtained by combining elastomer, filler and co-accelerator 
at optimum level factors is the best way to overcome defect 
products. Data from this study will be obtained from 15 direct 
experiments based on RSM by using box-behnken design-
Minitab 18 and response optimization was performed to get 
optimal response value combination from the expected target 
response. The analysis shows that all factors including 
elastomer, filler and co-accelerator have significant effect on 
tensile strength and time curing responses. The best 
composition to get the optimal combination of responses from 
certain response limits is elastomer = 70PHR, filler = 30PHR, 
and co-accelerator = 1.47PHR. The optimum value for tensile 
strength response is 15 kg/cm2 and time curing is 3.5 minutes. 
Beside as a solution for this problem, this optimization will 
increase production capacity of rubber strap 12.5% more that 
the factory decide to decrease production line and choose 
market development strategy to overcome access production and 
labor to new product base on polyurethane.  
 
Keywords―Optimization, Tensile Strength, Time Curing, 
Response Surface Methodology, Box-behnken, Regression 
Analysis. 
I. INTRODUCTION1 
The tightly competition in the footwear industry, 
especially flip-flops, makes every manufacturer of flip- 
flops have to maintain the quality, price and availability of 
goods well, so they can compete with competitors in the 
flip-flops market. One way that can be chosen in winning 
the competition is to minimize production defects. With the 
lack of defective products, it makes high production 
efficiency so that it does not cause other costs that add to 
the burden included in the cost of goods sold. 
The problem in the industry today is still there are 
several products that have a low tensile strength (<12 kg / 
cm2) so that in the assembling process with the tread 
section, the rubber strap breaks up with a low load pull. 
The distribution data of observations of tensile strength in 
the rubber strap production process can be seen in Table 1. 
                                                          
1Jefri Erwanto and Mok. Su’ef are with Department of Industrial 
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This condition will decrease the benefit of the company 
because in terms of raw materials, there must be a process 
of remanufacturing rubber strap and also the process of 
releasing the broken rubber strap from the site which takes 
a long time. With the completion of this problem, it will 
reduce costs due to the breakdown of rubber strap that have 
an impact on decreasing cost of goods sold (COGS) so as 
to increase the company's competitiveness. 
TABLE 1. 
DISTRIBUTION DATA OF TENSILE STRENGTH TEST RESULTS 
Period 
(Tensile Strength – kg/cm2) 
< 12 Dec-14 > 14 
October’18 1.70% 67.30% 31% 
Nopember’18 1.50% 61% 37.50% 
December‘18 1.90% 55.10% 43% 
Solving this problem the company must know the 
factors of the composition of materials that have an 
influence on the tensile strength produced. Tensile 
strength is one of the basic properties of the most 
important polymer material and is often used to 
characterize a polymer material. The tensile strength of a 
material is defined as the maximum load size (Fmax) used 
to decide the specimen of the material divided by the 
initial cross-sectional area (Ao) as an equation 1 below: 
𝜎 =
𝐹 𝑚𝑎𝑘𝑠
𝐴0
 (1) 
σ = tensile strength (kgf / mm2) F max = maximum  
load (kgf) 
Ao = initial cross-sectional area (mm2) 
 
Another factor that is also influential is time curing 90. 
Time Curing is the time needed from the beginning of the 
warm up to ripen the compound to optimum maturity[1]. 
Curing process on rubber compound is divided into 3 time-
based phases, Three main regions are specified in this 
figure: first, the induction: in this region the rubber sample 
is put into the heated cavity of the rheometer and its shear 
modulus drops due to softening of the compound[2], 
however, the cross-links have not yet been formed. Next, 
the cure stage, where crosslinking takes place within the 
rubber compound. As a result of forming three dimensional  
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cross-linked   networks,  the  elasticity  and tensile strength 
of the rubber is improved which results in the increasing 
trend of the torque curve. Finally, the post- cure, where the 
torque decreases or remains constant depending on the 
specific cure sys- tem[3]. Since the post-cure step usually 
has an undesirable effect on quality and physical properties 
of the final product, it becomes necessary to optimize the 
curing process[4]. 
The three time-based phases are shown in the following 
Figure 1: 
 
Figure 1. 3 phase of Curing time 
Moving Die Rheometer (MDR) is an experimental tool 
that is widely used to determine the maturity curve of a 
rubber compound. The standard shape dimensions of the 
rubber sample are given in Figure 2.18 below: 
 
Figure 2. Dimensions of the standard shape of a rubber sample 
The sample is located between two heated plates where 
the lower one oscillates sinusoidally. The MDR instrument 
measures the torque response of rubber samples during the 
maturity test process based on ASTM D5289[5]. 
From the optimization of the two responses above, it is 
expected to be able to obtain the exact composition of the 
amount of elastomer, filler and co-accelerator so that it can 
produce 90 Time curing output and optimal tensile 
structure, knowing the price of compound in optimum 
composition and characteristics and comparison when 
compared with the compound price used for the rubber 
strap production process, knowing the amount of savings 
that can be done by increasing the quality of the rubber 
strap tensile test with the formulation optimization that has 
been done. 
The design of experiment (DOE) allows multiple input 
factors manipulation to determine their effects on the 
desired output (response). By manipulating multiple inputs 
at the same time, DOE can identify important interactions 
that may be neglected when experimenting with one factor 
at a time. All possible combinations can be investigated 
(full factorial) or only a portion of the possible 
combinations (fractional factorial)[6]. 
The aspect DOE can be achieved by response surface 
methodology (RSM). RSM is the process of collecting the 
statistical and mathematical techniques which are useful for 
analysis and modeling in the applications where the 
concerned response is influenced by some variables[7]. 
RSM coupled with Box–Behnken design (RSM- BBD) 
is selected for the current study due to its: (1) ability to 
process multiple variables; (2) capability of evaluating the 
interactions between factors; (3) avoidance of extreme 
conditions; and (4) less resource demand[8]. 
II. METHOD 
325 mesh filler type of Calcium Carbonate material from 
Omya Carb Indonesia as fillers which function to improve 
the physical properties of rubber, Titanium dioxide by the 
type of Anatase as a co-accelerator that function to 
accelerate the vulcanization reaction of rubber (rubber 
maturity) because the compound which only contains 
vulcanization material only the maturation of the rubber is 
still very slow and requires a large amount of vulcanization 
material, high temperature, Standart Indonesia Rubber 
20BROWN 2X and RSS 1 as the type of Natural rubber 
use as an elastomer. Natural rubber still become the best 
elastomer because natural rubber is capable of rapid 
deformation and recovery along with strain 
crystallization[9]. It also exhibits outstanding 
characteristics such as good hysteretic properties, high tear 
strength, high tensile strength, and high green strength[10]. 
Sulfur as a vulcanizing agent that convert free rubber 
molecules into one three-dimensional network through the 
formation of cross bonds, antidegrdant material as a rubber 
protective material from outside influences that can cause 
degradation because rrrubber whose molecules have double 
bonds is easily handed over by oxygen and ozone, aktivator 
by combining Zinc Oxide and Stearic Acid, 
prevulacanization inhibitor to prevent scorching in hot 
press processing and pigment added in rubber compounds 
that function as colors. 
Fisrt all of the experimental procedure is mastication, to 
reduce the viscosity or molecular weight of the rubber. The 
shear force arising from two rotating rotors breaks the 
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bonds (chains) of the rubber molecules so that the 
breakdown of the molecular bonds allows carbon and other 
chemicals to bind to the rubber . 
All ingredients are mixed in a kneader close mixer for 5 
minutes starting from material with large size and hard. the 
mixture or compound will enter into an 8 inch diameter 
open roll mill machine for calendering process, in the 
calendering process compound are cutted off accordance 
with the expected dimensions. Expected dimension depend 
on the product need, the larger of product size, the larger of 
the sheet dimension then sheet will get coating by non-
sticky substance for each sheet which is finished from the 
open roll mill machine. The factor level chosen as shown in 
Table 2.: 
TABLE 2. 
FACTORS AND LEVEL FACTORS USED IN THE STUDY 
Factor 
Lower central 
limit 
central limit 
Upper central 
limit 
elastomer 
BROWN 2X 
30 PHR 
BROWN 
2X 65 PHR 
BROWN 2X 
100 PHR 
filler 30 PHR 60 PHR 90 PHR 
Co -accelerator 0.5 PHR 1 PHR 1.5 PHR 
The experimental design chosen for conducting the 
experiment in this study was the Box-Behnken trial design. 
This model is an optimal design for viewing or getting 
responses with a large number of variables without 
conducting many experiments. This can be seen from the 
number of trials carried out, only 15 (fifteen) times of 
experimentation with different treatments. 
With experiments that are relatively few in number do 
not cause the experimental results to be invalid. This is 
because according to Box-Behnken with 15 trials with 
different treatments consisting of 12 times the experiments 
conducted at the upper, middle and lower levels plus the 
same three times the experiment at the middle level is 
enough to know the desired response results. 
Experiments were carried out at the Formulation 
Laboratory at a sandals manufacturing company held in 
Indonesia using the multiple surface response method and 
box-behnken design. rubber strap compound made in 
relatively small quantities, namely the scale of laboratory 
tests with processes relevant to the rubber manufacturing 
process on a mass production scale. 
The response data obtained from the experiment, namely 
Tensile Strength, was obtained using Tensomete and Time 
Curing 90, obtained by using a Rheometer. The two data 
above are processed using Minitab 18 software. 
Setting goal for Time Curing 90 is the target is best. For 
this option the target value, lower bound and upper bound 
are set. Determination of upper bound value refers to 
company standards. 
 Target value (target value) = 3.5 minutes 
 Lower bound  = 3 minutes 
 Upper bound  = 4 minutes 
Setting goal for Tensile strength is the target is best. For 
this option the target value and upper bound are set. 
Determination of lower bound values refers to company 
standards. 
 Target value    = 15 kg / cm2 
 Lower limit value (normal value) = 14 kg / cm2 
 Lower bound   = 18 kg / cm2 
After obtaining the optimal response value, to find out 
the accuration of the result analysis, a confirmation 
experiment is conducted. Confirmation experiments were 
carried out 3 (three) times at the level of factors that 
produced the optimal response, then calculated the 
compound price at the optimum composition compared to 
the price of the compound being used for the rubber strap 
production process. 
III. RESULT AND DISCUSSION 
The experiment was based on the Box-Behnken design 
which carried out 15 (fifteen) variables with different and 
random treatments, with different compositions of filler, 
elastomer and Co-accelerator content, and repetitions of the 
middle values three times. Experimental results are shown 
in Table 3: 
TABLE 3. 
EXPERIMENTAL RESULTS USING BOX-BEHNKEN DESIGN 
UNCODED Tensile 
Strength 
Time 
Curing Elastomer Filler Co-Accelerator 
65 60 1 14.5 3.5 
30 60 0.5 12.9 3.2 
30 60 1.5 13.1 3.1 
65 30 1.5 14.4 3.3 
65 90 0.5 13.2 3.2 
100 60 1.5 18 4.5 
30 90 1 12.1 3 
65 30 0.5 14.9 3.7 
100 30 1 18.7 4.5 
65 90 1 16.6 4.1 
30 60 1 14.4 3.5 
100 60 0.5 17.4 4.3 
65 90 1.5 14.1 3.3 
30 30 1 13.2 3.2 
65 60 1 14.5 3.6 
A. Regression Analysis for Tensile Strength Response 
The P value in the far right column can be used to 
conclude whether H0 is accepted or rejected, by comparing 
the value of α = 0.05. If the value of P <α means that the 
material variable has a significant effect on the Tensile 
stress response[11]. 
From Table 4. it can be seen that the P value for filler 
material = 0.006, for elastomer = 0,000 and for Co- 
accelerator = 0.002, while P value for elastomeric 
elastomer, filler * filler and Co-accelerator * Co- 
accelerator is 0.002 respectively. ; 0.026; 0.039 which 
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means that the three material factors have a significant 
effect on the Tensile stress response. 
TABLE 4. 
RESULT OF REGRESSION ANALYSIS FOR TENSILE STRENGTH RESPONSE 
 
The R-sq value is a value that shows the strong 
relationship between filler, elastomer and Co-accelerator 
with the Tensile stress response variable[12]. 
From the data in table 4.2 it can be seen that the value of 
R-sq is 99.55%, which means that the influence of all 
material variables on the response value is 99.55% and the 
remaining 0.045% is influenced by other variables besides 
the three material variables. estimate the value of the 
response variable. 
TABLE 5.  
RESULTS OF ANALYSIS OF VARIANCE FOR TENSILE STRENGTH RESPONSE 
 
The P value in table 4.3 is used in hypothesis testing to 
determine the significance of the regression model and to 
test whether there is a lack of fit. If P <α (α = 0.05), then H0 
is rejected, meaning that the regression model is significant 
to estimate the response[13]. 
In Table 4, it can be seen that the P value of the overall 
regression model = 0.000, the linear regression model = 
0.000 and the square model = 0.000, because the value of P 
<0.05 means the regression model is significant. As for the 
P value for the lack of fit test if the value of P <0.05 means 
that H0 is rejected or there is lack of fit, if the value of P> 
0.05 means H0 is accepted or there is no lack of fit. From 
Table 4 the P value for lack of fit = 0.390 or P> 0.05, 
means that the resulting equation has no lack of fit and is 
sufficient. 
The regression equation model for the Tensile strenghts 
response to the factors of filler, elastomer and Co-
accelerator material in coded are as follows: 
 
Ŷ = 13.79 - 0.0221x1 + 0.0049x2 - 1.00x3 + 0.000769x12 - 
0.000287x22 - 0.233x32 - 0.000238x1x2 + 0.00571x1x3 + 
0.02333x2x 
 
Ŷ = the predicted Tensile structure response 
X1 = filler ingredients in coded 
X2 = elastomeric content in coded 
X3 = Co-accelerator material in coded 
B. Regression Analysis for Tensile Strength Response 
TABLE 6.  
RESULTS OF REGRESSION ANALYSIS FOR TIME CURING RESPONSES 90 
 
The P value for filler material = 0.006, for elastomer = 
0,000 and for Co-accelerator = 0.072, while the P value for 
elastomeric elastomer, filler * filler and Co-accelerator * 
Co-accelerator is 0.002 each; 0.026; 0.037, which means 
that the three material factors have a significant effect on 
90 Curing Time response. 
The value of R-sq is a value that shows the strong 
relationship between filler, elastomer and Co-accelerator 
with Time Curing response variable 90. From the data in 
Table 5 it can be seen that the value of R-sq is 98.96%, 
meaning the effect of all material variables on the change 
98.96% and the remaining 1.04% is influenced by other 
variables besides the three material variables, thus the 
resulting regression equation is good for estimating the 
value of the response variable. 
TABLE 7. 
RESULTS OF ANALYSIS OF VARIANCE FOR TIME CURING RESPONSES 90 
 
The overall P regression model value = 0.000, linear 
regression model = 0.000 and square model = 0.006, 
because the value of P <0.05 means the regression model is 
significant. While the P value for lack of fit = 0.094 or P> 
0.05, means that the resulting equation has no lack of fit 
and is sufficient. 
The regression equation model for Time Curing 90 
response to the factors of filler material, elastomer and Co-
accelerator in coded are as follows: 
 
Ŷ = 3,552 - 0.01338x1 + 0.00555x2 - 0.355X3 + 0.000224x12 - 
0.000125x22 - 0.175x32 - 0.000036x1x2 + 0.00393x1x3 + 
0.00708x2x3 
IPTEK Journal of Proceedings Series No. (5) (2019), ISSN (2354-6026)                        189 
The 1st International Conference on Business and Management of Technology (IConBMT) 
August 3rd 2019, Institut Teknologi Sepuluh Nopember, Surabaya, Indonesia 
 
Ŷ = Predicted Time Curing 90 response 
x1 = filler ingredients in coded 
x2 = the content of the elastomer in coded 
x3 = Co-accelerator ingredients in coded 
C. Test for Residual Assumptions in Normal Distribution 
Normal examination and testing aims to determine 
whether the residual is normally distributed or not. This 
test can be done with the Kosmogorov-Smirnov test and 
make a residual graph. The formulation of the hypothesis is 
as follows: 
H0 = Residual with normal distribution 
H1 = Residuals are not normally distributed 
By using the Minitab Software, the normal test results for 
the residual Tensile structure, as in Figure 3. 
 
Figure 3. Normal Residual Test for Tensile Strength 
From the test results it can be seen that Pvalue = 0.962 or 
the value is greater than the value α = 0.05, then H0 is 
accepted so it can be concluded that the residuals for the 
Tensile stress regression equation are normally distributed. 
While the normal test results for Time Curing 90 are found 
in Figure 4. 
 
Figure 4 Normal Residual Test for Time Curing 90 
From the picture above, it can be seen that Pvalue for the 
residual Time Curing 90 is 0.082. Because the value is 
greater than the value of α = 0.05, then H0 is accepted so it 
can be concluded that the residuals for the Time Curing 90 
regression equation are normally distributed. 
D. Independent Residual Assumption Test 
This test is conducted to determine the existence of 
independent pstraprties between the data obtained. 
Independent nature is a characteristic that must be 
controlled in an experiment with the aim that the data from 
one another is free. This test is done by looking at the ACF 
(Auto Correlation Function) graph. 
Assumptions are declared independent if the residual 
correlation value is at intervals (-2) ⁄√n and (+2) ⁄√n From 
the test results n = 15 has fulfilled the independent 
assumption because the ACF value is at intervals of -0.516 
and +0.516 as shown The Figure 5 & 6: 
 
Figure 5. Graph of Autocorrelation for residual Tensile Strength 
 
Figure 6. Graph of Autocorrelation for residual Time Curing 90 
E. Testing of Identical Assumptions 
Testing of identical assumptions can be done by making 
a plot (graph) between the residual and estimated values 
(FIT). This assumption is fulfilled if the data spread 
randomly around 0 and the plot does not form a certain 
pattern. 
From the Minitab program, it can be seen that the test 
plots are identical assumptions, as in Figure 7 & 8. 
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Figure 7. Residual Charts versus Fitted Values for Tensile Strength 
 
Figure 8. Residual Graph versus Fitted Value for Time Curing 90 
From the test results in Figures 4.5 and 4.6 show that the 
pattern of residual data Tensile stress and Time Curing 90 is 
spread aaround 0 (zero), so it can be said that identical 
residual assumptions are fulfilled. 
F. Response Optimization 
The limit value selected for response optimization is 
shown in Table 8. 
TABLE 8. 
LIMITATION OF RESPONSE OPTIMIZATION VALUES 
 
From the processing of response optimization using 
Minitab 18 Software, the prediction of response value, 
global solution for material composition and desirability 
was obtained as shown in Figure 9 and the Table 9. 
TABLE 9.  
OPTIMIZATION RESULTS 
 
 
Figure 9. Graph response optimization 
From the results of data processing shown in table 4.7 
above, it can be seen that the desirability for Tensile 
structure = 0.999, this means that the desired target Tensile 
strength can be achieved 99.9% desirability and for Time 
Curing 90 = 0.996, this means that the desired target time 
curing 90 can be reached 99.6%. 
From the optimization results obtained the variable 
setting of materials as a factor under optimal conditions 
with the formulations as follows: 
 Elastomer = 69,645 PHR 
 Filler = 30 PHR 
 Co - accelerator = 1,473 PHR 
The response predictions under optimal setting 
conditions are as follows: 
 Tensile strength = 15,001 kg / cm2 (desirability = 0.999) 
 Time Curing 90 = 3,502 minutes (desirability = 0.996) 
Composite Desirability or combined desirability is 
0.997. 
G. Surface Plots and Contour Plots from the Response  
Surface images and contour plots of the Time Curing 90 
response equation can be seen by making one of the 
variables constant, for example filler = 60 PHR (constant). 
As shown in Figure 10 and 11. 
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Figure 10. Surface plot for Time Curing response 90 
 
Figure 11. Contour plot for 90 Time Curing responses. 
Figure 10 shows that in the state of constant filler 
variable = 60 PHR, the effect of changing the content of 
Co-accelerator has more effect on changes in the value of 
Time Curing 90 compared to changes in elastomer content. 
In Figure 11, it shows that the greater the contour layer of 
Time Curing 90 the greater. 
H. Calculation of Costs (prices) Compound 
Comparison of compound prices before and after 
optimization is done to determine the feasibility of the 
optimization results applied in the industry or not, even 
though the problem of not fulfilling the standard desired 
desired tensile strength value. This relates later to 
determining the cost of goods sold for a product. 
Compound price data before and after optimization are 
given in Table 10. 
TABLE 10. 
COMPOUND PRICE CALCULATION 
Compound Price ( per kilogram ) 
Before Optimization After Optimization 
Rp 15.008 Rp 17.870 
From the data above there is an increase in the price of 
per-kilogram compound, from before the optimization of 
Rp. 15,008 to Rp. 17,870 after optimization. This is 
because there is a change in the use of raw materials as 
follows: 
 Increasing the number of elastomeric formulations with 
better quality in the optimization compound. 
 Decreasing the number of filler formulations in the 
optimization compound. 
 Increasing the number of Co-Accelerator formulations 
on the optimization compound. 
However, this does not make a significant price change 
that is expensive for the monthly production costs. This is 
because before the optimization of the product is broken 
during the assembly process and the operational costs are 
almost comparable when a comprehensive comparison is 
made. Total data on average monthly product production 
costs before and after optimization are given in Table 11. 
TABLE 11. 
TOTAL AVERAGE MONTHLY PRODUCTION COSTS FOR THE PRODUCT 
Total average monthly of production cost 
Before Optimization After Optimization 
IDR 93,844,408.00 IDR 93,073,403.43 
I. Calculation of production capacity 
The calculation of production capacity is done because 
with the results of the optimization that has been done there 
has been a change in Time Curing 90 which is used as a 
determination of the length of the hot press time in the 
production process. Production capacity data before and 
after optimization is given in Table 12. 
TABLE 12.  
CALCULATION OF PRODUCTION CAPACITY 
Time Curing 90 (minutes) 
Before Optimization After Optimization 
4 3.5 
Monthly capacity process (dozen) 
Before Optimization After Optimization 
125000 140625 
From the data above, the increase in monthly production 
capacity from 125,000 Dozen to 140,625 Dozen. The 
increase in production capacity was 12.5%. From the 
increase in production capacity the company will examine 
further whether it will continue to run the existing 
production system by adjusting the warehouse capacity of 
finished goods and sales targets or reducing production 
lines in proportion to the increase in production capacity. 
As a result of the excess production capacity, the 
company will make adjustments to the production line and 
turn the excess resources into polyurethane-based products. 
This is a form of product development strategy. Product 
development is a growth strategy in which a business unit 
introduces new products to existing markets. 
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